Background: Osteosarcoma is the most common primary sarcoma of the bone. Lung osteosarcoma metastases at diagnosis have a significantly poor prognosis, even when surgery plus chemotherapy are performed. Our goal was to analyze clinical and sarcoma characteristics that could help identify factors related to an increased rate of lung metastasis and to identify different modes of treatment and its correlation with survival. Materials and Methods: The Surveillance, Epidemiology, and End Results (SEER) database was used to identify all osteosarcoma patients diagnosed from 2010 to 2015. Patient characteristics such as age, sex, ethnicity, marital status, tumor location, histologic grade, surgery, chemotherapy, radiation therapy, SEER causespecific death classification, survival, and lung metastasis were collected. These factors were analyzed using Univariate and multivariate regression models in survival analyses.
Introduction
Osteosarcoma is the most common primary malignancy of the bones. Its incidence follows a bimodal age distribution, with two dominant peaks in adolescent and elderly patients [1] . According to previous studies, osteosarcoma is more likely to occur in the metaphyseal portion of long bones [2] . Since the introduction of chemotherapy in the 1980s, the overall survival rate of non-metastatic osteosarcoma patients has improved from 20% to over 70% [3] . However, the prognosis for osteosarcoma distant metastasis cases remains poor.
Lung metastases are of particular poor prognosis among patients with osteosarcoma. It is assumed that approximately 20% of the sarcoma patients have detectable metastasis at diagnosis [4] . In fact, the 5-year overall survival for osteosarcoma patients with lung metastases is approximately 30%, compared to 70% of those without metastasis [5] . The current treatment for osteosarcoma patients with lung metastasis is complete surgical resection, followed by the same chemotherapy regimen prescribed to patients with localized high-grade osteosarcoma [6] . However, the prognosis for metastatic disease remains poor and more than half of the cases relapse, even when combined treatments are used. At present, the best treatment strategy to manage osteosarcoma patients with lung metastasis is still not clear.
A better understanding of the risk and the clinicopathological features of osteosarcoma patients with lung metastases can help identify patients with high-risk factors and improve prognosis. The aim of the present study was to analyze clinical and sarcoma characteristics to identify factors related to an increased rate of lung metastasis.
Materials and methods

Patient data
Patient data were obtained from the 18 population-based cancer Registries Custom Data (with additional treatment fields), Nov 2017 Sub (1973-2015 varying) of the Surveillance, Epidemiology, and End Results (SEER) database, which covers cancer incidence and survival data of approximately 28% of the population of the United States. Using SEER *Stat (version 8.3.5 National Cancer Institute, Bethesda, MD), we chose a cohort as follows: Site recode: ICD-O-3/WHO 2008 = "Bones and Joints"; Histologic Type: ICD-O-3 = "9180-9187,9192-9195". Because SEER only included information on the location of metastases between 2010 and 2015, we only identified patients who were diagnosed during these years. A total of 1057 patients with osteosarcoma were identified. Patients' and treatment characteristics of interest included: age, sex, ethnicity, marital status, tumor location, histologic grade, surgery, chemotherapy, radiation therapy, SEER cause-specific death classification, survival time, and lung metastasis. Surgery and radiation therapy were considered for the primary site. Ethnicity was characterized as white, black, or other. Marital status was characterized as married, not married, and unknown. Not married included single (never married), widowed, divorced, separated and unmarried or domestic partner. Tumor location was classified as in extremity, axial, and other. Tumor size was characterized as ≤ 5 cm, >5-10 cm and >10 cm. We excluded a total of 484 patients from those diagnosed with osteosarcoma in the SEER database (n = 1541) because of unknown histologic grade (n = 390), unknown stage (n = 79), unknown ethnicity (n = 6) or unknown metastatic site (n = 9). Finally, a total of 1057 osteosarcoma patients were included in the analysis (Fig. 1 ).
Statistical analysis
Categorical variables of clinical characteristics of patients were analyzed by Chi-square test and rank-sum test. Cancer specific survival (CSS) was defined as the period from diagnosis to death as a result of osteosarcoma. The hazard ratio (HR), and its corresponding 95% confidence interval (95% CI), was obtained using a proportional hazard regression model. Multivariate analysis was applied to calculate HR for sex, age, histologic grade, tumor location, tumor size, surgery, and radiation. All P values were two-tailed and a P <.05 was considered statistically significant. SAS software (version 9.3; SAS Institute, Cary, CA) and SPSS (version 19.0 IBM Corporation, Armonk, NY) were used to conduct the statistical analyses.
Results
Characteristics of the patients with osteosarcoma
A total of 1057 patients with osteosarcoma diagnosed from 2010 to 2015 were included. Among these patients, 176 had lung metastasis. The characteristics of osteosarcoma patients with lung metastasis is shown in Table 1 . The overall rate of osteosarcoma patients with lung metastasis at presentation was 16.65%. There was a peak in the incidence of lung metastasis in osteosarcoma patients according to their age at diagnosis. The age distribution of the whole cohort and the percentage of patients with lung metastasis at presentation according to age at diagnosis are shown in Fig. 2 . To further clarify the proportion of lung metastasis at diagnosis among osteosarcoma patients, we performed a detailed classification of the histologic subtypes, which revealed that patients with fibroblastic osteosarcoma (9.09%), telangiectatic osteosarcoma (7.41%), intraosseous well-differentiated osteosarcoma (0%), parosteal osteosarcoma (3.51%), periosteal osteosarcoma (0%) and high-grade surface osteosarcoma (0%) were less likely to have lung metastasis (Table 2 ). While the subtype of osteosarcoma (19.62%), osteosarcoma in Paget's disease of bone (33.33%) and small cell osteosarcoma (36.36%) were more likely to have lung metastasis (Table 2 ).
Survival outcomes of osteosarcoma patients
Because the survival rate of patients with osteosarcoma is over 50%, the median overall survival time could not be calculated. We then conducted Univariate Cox regression analysis to evaluate which clinical characteristics are associated with osteosarcoma's prognosis. The HR for all-cause mortality according to all variables in the univariate Cox regression model is shown in Table 3 . Increased HR of all-cause mortality was associated with male (vs. female, HR = 1.611, 95% CI = 1.211-2.143, P = .0011), age group older than 30 years (vs. younger than 30 years, HR = 1.812, 95% CI = 1.378-2.384, P < .0001), poor-grade (vs. moderately grade, HR = 3.952, 95% CI = 1.601-9.760, P = .0029), undifferentiated grade (vs. moderately grade, HR = 3.675, 95% CI = 1.503-8.986, P = .0043), other tumor location (vs. extremity location, HR = 2.882, 95% CI = 1.645-5.049, P = .0002), >5-10 cm (vs. < 5 cm, HR = 2.135, 95% CI = 1.203-3.788, P = .0095), >10 cm (vs. < 5 cm, HR = 3.769, 95% CI = 2.158-6.584, P < .0001), radiation (vs. no/unknown radiation, HR = 1.472-3.099, P < .0001) and marriage (vs. no marriage, HR = 1.627, 95% CI = 1.207-2.193, P = .0014). Conversely, resection (vs. no surgery, HR = 0.147, 95% CI = 0.105-0.205, P < .0001) and amputation (vs. no surgery, HR = 0.273, 95% CI = 0.186-0.402, P < .0001) were associated with decreased all-cause death in osteosarcoma patients. The percent of 1-year and 2-year cause-specific deaths were calculated (Table 3 ). In Multivariate Cox regression analysis, the age group older than 30 years (vs. younger than 30, HR = 2.114, 95% CI = 1.556-2.871, P < .0001), poor-grade (vs. wellgrade, HR = 3.133, 95% CI = 1.231-7.972, P = .0166), (Table 3) . It can be seen from the results that surgery can improve the survival rate of osteosarcoma, and radiotherapy cannot improve the survival rate of osteosarcoma.
Survival outcomes of patients with lung metastasis
The median overall survival time in osteosarcoma patients with lung metastasis was 25 months (Fig. 3) . Univariate Cox regression analysis was used to evaluate the HR of factors related to prognosis in Fig. 4 . In Multivariate Cox regression analysis, an increased HR was associated with the age group older than 30 years (vs. younger than 30 years, HR = 2.482, 95% CI = 1.460-4.219, P = .0008), while a decreased HR was related to resection (vs. no surgery, HR = 0.313, 95% CI = 0.183-0.534, P < .0001) and chemotherapy (vs. no chemotherapy, HR = 0.169, 95% CI = 0.078-0.367, P < .0001) ( Table 4 ).
Discussion
To our knowledge, this is the first population-based study of osteosarcoma lung metastasis at presentation. In this study, among the 1057 patients with osteosarcoma, there were 176 patients with lung metastasis, leading to an incidence of lung metastases of 16.7%. We found that osteosarcomas with lung metastasis were associated with axial location of the tumor. As for the histologic subtypes, the lung metastasis in osteosarcoma's grade in Paget's disease of bone and small cell osteosarcoma was higher than in the overall osteosarcoma patient sample. Furthermore, other factors that are related to prognosis in osteosarcoma patients were evaluated. In osteosarcoma patients with lung metastasis, multivariate Cox analysis revealed that being a man older than 30 years was associated with poor prognosis, while having had surgery (resection, amputation) and chemotherapy was related to a better prognosis.
Previous studies report that, depending on their age, 10%−47% of osteosarcoma patients have lung metastasis at diagnosis [7, 8] . Bielack et al. reported on the prognostic factors of high-grade osteosarcoma patients from 1980 to 1998 [9] . They found that the incidence proportion of lung metastasis was 10.75% (183/1702). Likewise, Kaste et al. estimated that the incidence of lung metastases among patients with osteosarcoma was 15% [5] . Munajat et al. assessed the association between presentation of lung metastasis and tumor volume in a cohort of 70 patients with osteosarcoma [10] . They found that 33 patients (47%) had evidence of lung metastasis. Furthermore, they concluded that a larger tumor volume is more likely to be associated with lung metastasis at diagnosis. We found that the incidence of lung metastasis was 16.7%, which is in accordance with previous studies.
Patients with lung metastasis have a dismal prognosis [11] . Besides, patients with osteosarcoma lung metastasis at diagnosis are more likely to recur than those without [12] . Therefore, detection of lung metastasis at diagnosis has a significant impact on prognosis in osteosarcoma patients. Lung metastases in patients with osteosarcoma are usually found by chest CT scanning [13] . However, their accuracy for detecting lung metastasis needs to be improved, since up to about 14% of lung lesions are atypical [14] and therefore, difficult to detect. Thus, identifying patients with osteosarcoma at high risk of lung metastasis and conducting comprehensive chest CT scans are effective approaches to improve the survival rate of osteosarcoma patients. Of note, substantial disparities in tumor location and tumor size of lung metastasis were observed. Axial osteosarcomas with a tumor diameter larger than 5 cm were related to a higher risk of lung metastasis at diagnosis. Previous studies indicate that osteosarcoma patients with higher-grade tumors, monocyte ratio >1 and neutrophil/lymphocyte ratio (NLR) >1 were more likely to metastasize [15] . Taken together, this suggests that osteosarcoma patients with large tumor sizes, axial location, high monocyte ratio >1 and NLR >1 should receive thorough chest CT scannings.
In multivariate analysis, age >30 years and tumor size >5 cm were associated with poor prognosis, whereas surgery (both resection and amputation) and chemotherapy were associated with preferable prognoses. As for the subgroup of lung metastasis, the survival analysis revealed that male sex and age >30 years were related to poor prognosis. Age may be a significant factor that impacts survival rates of patients with osteosarcoma. Joo et al. conducted a retrospective study in osteosarcoma patients over the age of 40 years in Eastern Asian populations [16] . They found that the 5-year overall survival in this age group was 60.3%. Hung et al. identified prognostic factors in pediatric osteosarcoma patients in Taiwan and found that the 5-year overall survival and progression-free survival were 77 and 70%, respectively [17] . Kager et al. found that the patient's age was significantly related to survival in primary metastatic osteosarcoma [18] . These previous results and our study reveal that elderly patients with osteosarcoma have a poorer prognosis.
Surgery and chemotherapy were associated with better prognosis. Surgery is the mainstay management and current standard treatment includes surgery plus chemotherapy [19] . For osteosarcoma patients with lung metastasis, the survival rate remains low even when aggressive surgical strategies are applied [20] . There is increasing evidence that thoracotomy of pulmonary metastases is beneficial for prolonging the survival of osteosarcoma patients [21, 22] . Carter et al. found that osteosarcoma patients undergoing resection of pulmonary metastases may have a longer survival than those not undergoing thoracotomy [23] . Our survival analysis suggested that surgery is beneficial for both the whole cohort and the lung metastasis subgroup. However, due to the limited data in the SEER database, we could not evaluate whether thoracotomy is an independent prognostic factor for osteosarcoma patients with lung metastasis.
Although it has been controversial since the 1970s, chemotherapy has significantly increased survival of osteosarcoma patients [24] . Currently, commonly used agents for treating osteosarcoma include methotrexate (MTX), doxorubicin, cisplatin and ifosfamide [25, 26] . High-dose chemotherapy is being applied to metastatic patients, but their side effects also increase [6, 27, 28] . Therefore, the dose of chemotherapy for treating metastatic patients should be carefully considered. Our study supports the notion that chemotherapy is beneficial for all the osteosarcoma patients. However, defining the best chemotherapy strategy for metastatic patients remains controversial.
Our study also revealed that radiation did not improve the prognosis of osteosarcoma patients with lung metastasis. Generally, osteosarcoma is considered radioresistant and radiation is not a common option for treating osteosarcoma patients. Accordingly, radiotherapy did not contribute to prolonging the survival of osteosarcoma patients with lung metastases. However, some previous studies show that radiation can achieve a local control of the disease in some cases. Machak et al. evaluated the effectiveness of radiation for local control after induction chemotherapy and found that it achieved local control and preserved limb function [29] . Lee et al. performed radiotherapy using a median dose of 50.0 Gy along with gemcitabine-docetaxel in six children and adolescents with osteosarcoma [30] . They reported that radiotherapy and gemcitabine-docetaxel chemotherapy improved unresectable, recurrent, or refractory osteosarcoma outcomes. The sample size of this study was small and therefore the efficacy of radiotherapy in this setting still needs to be validated.
Other factors, such as marriage status, were evaluated by Cox analysis. Although the Univariate Cox analysis revealed that marriage was associated with increased overall death of osteosarcoma patients with lung metastasis, this result may be affected by age and socioeconomic status. Therefore, the association between marital status and survival in osteosarcoma patients remains unclear.
Our study had also some limitations. Firstly, all the data were collected using the SEER database, leading to an inherent bias, which could not be avoided in retrospective studies. Secondly, the incidence of lung metastases might be underestimated, since subsequent lung metastases during disease progression were not included in the database. Thirdly, some of the data were unavailable in the SEER, such as dose and agent of chemotherapy, which might be confounding factors affecting the result of the survival analysis. Fourthly, the chemotherapy and radiation data in the current SEER database may be highly specific [31] . In conclusion, advanced age and large tumor size were related to a higher risk of lung metastases in osteosarcoma patients. The results of the survival analysis revealed that advanced age, high-grade and large tumor size were associated with a poor prognosis in the cohort of osteosarcoma patients studied. Patients who were diagnosed at advanced age or with large tumor size should receive comprehensive chest CT scans. As for patients with lung metastases, advanced age was correlated with a poor prognosis. Finally, surgery and chemotherapy significantly improve the survival of patients with metastatic lung osteosarcoma. 
